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WHPSHUDWXUHGXULQJSHDNGHPDQGSHULRGV7KHKHDWH[FKDQJHU LV VL]HG IRUDQDYHUDJHKRXUO\FRQVXPSWLRQQRW IRU
SHDN FRQVXPSWLRQ SHULRGV GXULQJ ZKLFK WKH KRW ZDWHU GHPDQG FRXOG EH VHYHUDO WLPHV KLJKHU WKDQ WKH KRXUO\
DYHUDJH:LWK HQHUJ\ SHUIRUPDQFH LQ PLQG GRHV WKH V\VWHP QHHGV WR EH VL]HG DFFRUGLQJO\ WR WKH GD\ ZLWK WKH
PD[LPXPFRQVXPSWLRQRIGRPHVWLFKRWZDWHU"6OLJKWXQGHUVL]LQJRIWKH'+:V\VWHPZRXOGDIIHFWWKHWHPSHUDWXUH
RIWKH'+:GXULQJSHDNGHPDQGSHULRGVEXWLQDUHDVRQDEOHDPRXQWGHJUHHV&HOVLXV$WHPSHUDWXUHRIWR
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ZDWHUFRQVXPSWLRQSURILOHV UHJDUGLQJDSDUWPHQWEXLOGLQJVDQGREWDLQHGD OSHUSHUVRQDQGGD\DV'+:GDLO\
GHPDQGDYHUDJH7KHLUVWXG\DQDO\]HGPD[LPXPOLWHUVSHUVRQDQGGD\DQGPLQLPXPOLWHUVSHUVRQDQGGD\
GHPDQGIRUZHHNO\PRQWKO\DQGDQQXDOYDULDQFHUDQJHRI±/SHUVRQGD\KLJKHUFRQVXPSWLRQWUHQGGXULQJ
1RYHPEHUWR)HEUXDU\ZHUHQRWLFHGZKHUHDVRSSRVLWHEHKDYLRUZDVREVHUYHGGXULQJ0D\WR-XO\$OOUHFHQWVWXGLHV
SHUIRUPHGLQ5RPDQLDDQGDEURDGLQGLFDWHUHGXFHGGHPDQGYDOXHVFRPSDUHGWRQRUPDOL]HGGHVLJQYDOXHV
5RPDQLDQ GHVLJQ QRUPV PLJKW EH FRQVLGHUHG RXWGDWHG IURP \HDU  DQG UHJDUGLQJ DFWXDO KRXUO\ '+:
FRQVXPSWLRQSURILOHWKHTXHVWLRQLV'RHVWKHDFWXDOFRQVXPSWLRQGLVWULEXWLRQWKURXJKRXWDGD\MXVWLI\WKHQHHGRID
VWRUDJHWDQN"7KHKRXUO\'+:FRQVXPSWLRQLVLQIOXHQFHGE\WKHORFDOFXVWRPDQGWUDGLWLRQ>@)RUH[DPSOHWKH
ZDWHUFRQVXPSWLRQIRUGXWFKSHRSOHGXULQJVOHHSLQJKRXUVLVRIWKHWRWDOGDLO\FRQVXPSWLRQGXULQJSHDNKRXUV
LVZKLOHWKHKRXUO\FRQVXPSWLRQIRUWKHUHVWRIWKHGD\LV>@7KHVL]HRIWKHERLOHUVKHDWH[FKDQJHUV
SXPSV VWRUDJH WDQNV GLVWULEXWLRQ QHWZRUNV DUHGHWHUPLQHGE\ WKH FRQVXPSWLRQGHPDQGXVLQJGHVLJQQRUPV >
@+LJKHUFRQVXPSWLRQGHPDQGXVXDOO\ WUDQVODWHV LQ ODUJHUPRUHH[SHQVLYHHTXLSPHQWVDQGLQFUHDVHGRSHUDWLRQ
FRVWV%RLOHUVL]HLVVHWDFFRUGLQJWRWKHKHDWLQJUHTXLUHPHQWEXWLQGLYLGXDOERLOHUIRU'+:FDQEHSURYLGHGLIODUJH
GLIIHUHQFHV LQ KHDWLQJ DQG KRW WDS ZDWHU GHPDQG ZRXOG LQYROYH XQHFRQRPLFDO UXQQLQJ FRVW RXWVLGH WKH KHDWLQJ
VHDVRQ >@ ,Q 5RPDQLD WKH KHDW H[FKDQJHUV DQG VWRUDJH WDQNV DUH VL]HG XVLQJ FRHIILFLHQWV IRU KRXUO\
FRQVXPSWLRQLQRUGHUWRDFFXPXODWHKRWZDWHU IRUSHDNGHPDQGSHULRGV7KHXVHRIKLJKGDLO\GHPDQGYDOXHVIRU
'+: ZKLFK DUH QRW XSGDWHG WR FXUUHQW GHPDQG GHWHUPLQH WKH RYHUVL]H RI WKH KHDWLQJ HTXLSPHQW QHWZRUN
GLVWULEXWLRQDQGFLUFXODWLRQSLSHVWKXVLQFUHDVLQJKHDWORVVHV
=KDQJ HW DO  >@ SHUIRUPHG D WHFKQLFDO FRPSDULVRQ RI GRPHVWLF KRW ZDWHU V\VWHP XVHG LQ &KLQD DQG
'HQPDUN$FFRUGLQJ WR >@'HQPDUNKDV WKH VWDWHRIDUWRIGLVWULFWKHDWLQJ'+ WHFKQRORJLHV LQ WKHZRUOG7KH
FRHIILFLHQW RI KRXUO\ YDULDWLRQ SHU KRXU IRU '+: V\VWHP LQ UHVLGHQWLDO EXLOGLQJV GHFUHDVHV ZLWK WKH QXPEHU RI
DSDUWPHQWVWDNHQLQWRFRQVLGHUDWLRQ7KLVPHDQVWKDWDODUJHQXPEHURISHRSOHWKDWXVHWKHVDPH'+:VRXUFHZLOO
WHQGWRKDYHDPRUHEDODQFHGKRXUO\GHPDQGIRU'+:ZLWKORZHUSHDNGHPDQGSHULRGVLQUDWLRZLWKDYHUDJHGDLO\
GHPDQG
%DEDHLHWDO>@FRQGXFWHGDVWXG\RQKRZHQHUJ\FRQVXPSWLRQGDWDLVJDWKHUHGDQGKRZYDULRXVIDFWRUV
LQIOXHQFH WKHEXLOGLQJHQHUJ\SHUIRUPDQFH%XLOGLQJHQHUJ\FRQVXPSWLRQ LQEXLOGLQJV LV LQIOXHQFHGE\D UDQJHRI
SK\VLFDODQGVRFLDOIDFWRUVEXLOGLQJGHVLJQFOLPDWHEXLOGLQJHTXLSPHQWDQGWKHEHKDYLRURIWKHRFFXSDQWV%DEDHL
HW DO SURSRVHV WKUHH GLIIHUHQW DSSURDFKHV IRU HYDOXDWLQJ EXLOGLQJ HQHUJ\ FRQVXPSWLRQPHDVXUHPHQW VXUYH\ DQG
VLPXODWLRQ 7KH PHDVXUHPHQW VWUDWHJ\ SURYLGHV UHDO GDWD EXW LW LV FRVWO\ HVSHFLDOO\ ZKHUH GHWDLOHG PHWHULQJ LV
QHFHVVDU\ DQG UHTXLUHV H[WHQGHG SHULRGV RI GDWD JDWKHULQJ $HVWKHWLF FRQVLGHUDWLRQV DQG ZLUHOHVV FRQQHFWLYLW\
SUREOHPV ZHUH DOVR UHSRUWHG 7KH VXUYH\ VWUDWHJ\ SURYLGHV TXDQWLWDWLYH TXDOLWDWLYH D EHKDYLRUDO GDWD FRYHULQJ D
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ODUJHSRSXODWLRQZLWKIHZHUGHWDLOVWKDQZLWKWKHPHDVXUHPHQWPHWKRG,WLVDOVRFRQVLGHUHGDOHQJWK\SURFHVVDQG
UHTXLUHV SURIHVVLRQDO VXUYH\RUV 7KH VLPXODWLRQ VWUDWHJ\ SURYLGHV EXLOGLQJ FRQVXPSWLRQ GDWD ZLWK ORZ FRVW DQG
UDSLGO\ EXW LV GHSHQGDEOH RI WKH LQSXW GDWD TXDOLW\ UHTXLUHV GHWDLOHG LQIRUPDWLRQ DQG LQ JHQHUDO WKH GHJUHH RI
DFFXUDF\VKRXOGEHQRWRYHUORRNHG>@
,QVWDQWSUHSDUDWLRQRI'+:XVLQJDKHDWH[FKDQJHU
7KLVVROXWLRQFRQVLVWVRIDKHDWH[FKDQJHUWKDWXVHVDWKHUPDODJHQWIURPDERLOHUWRKHDWWKHFROGZDWHUIURPWKH
ZDWHUPDLQWRDGHVLUHGWHPSHUDWXUHXVLQJDFRQWUROYDOYH$GYDQWDJHVIRULQVWDQWSUHSDUDWLRQRI'+:DUHFRPSDFW
HTXLSPHQWUHGXFHGULVNIRU/HJLRQHOODGHYHORSPHQW>@UHGXFHGLQYHVWPHQWDQGLQVWDOODWLRQFRVWFRPSDUHGWR
WKH VWRUDJH WDQN VROXWLRQ LQVLJQLILFDQW KHDW ORVV QR UHJHQHUDWLRQ WLPH ORZHU WRWDO V\VWHP FRVW >@ 7KH PDLQ
GLVDGYDQWDJH LV OLPLWHG IORZ RXWSXW'XULQJ VLPXOWDQHRXV GHPDQG SHULRGV WKH KHDW H[FKDQJHUPLJKW QRW KHDW WKH
GRPHVWLF WDS ZDWHU DW FRPIRUW WHPSHUDWXUH ,QVWDQWDQHRXV'+: SUHSDUDWLRQ VROXWLRQ FDQ SURYLGH FRPIRUW ZDWHU
WHPSHUDWXUH XQGHU FRQVWDQW IORZ IRU XQOLPLWHG WLPH FRQVWDQW IORZ WKDW LV EHORZ WKH PD[LPXP GHVLJQHG KHDW
H[FKDQJHUFDSDFLW\
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FLUFXODWLQJSXPSORZORVVKHDGHUWRKHDWH[FKDQJHU7WHPSHUDWXUHVHQVRU'+:GRPHVWLFKRWZDWHU'&:GRPHVWLFFROGZDWHUE'+:
SUHSDUDWLRQZLWKKHDWH[FKDQJHUDQGVWRUDJHWDQN9WZRZD\HOHFWURYDOYH&FRQWUROOHU+(IODWSODWHKHDWH[FKDQJHU3FLUFXODWLQJSXPSORZ
ORVVKHDGHUWRKHDWH[FKDQJHU3FLUFXODWLQJSXPS+(WRVWRUDJHWDQN7WHPSHUDWXUHVHQVRU'+:GRPHVWLFKRWZDWHU'&:GRPHVWLFFROG
ZDWHU
'+:SUHSDUDWLRQZLWKKHDWH[FKDQJHUDQGVWRUDJHWDQN
7KHGLIIHUHQFHIURPWKHSUHYLRXVVROXWLRQLVWKHSUHVHQFHRIDVWRUDJHWDQNWKDWLVXVHGIRUDFFXPXODWLQJWKHKRW
ZDWHUGXULQJLGOHSHULRGV7KHXVHRISKDVHFKDQJHPDWHULDOVWRRSWLPL]HWKHUPDOVWRUDJHFDSDFLW\KDVQRRUOLPLWHG
LPSDFW>@7KHVWRUDJHWDQNLVEDVLFDOO\DUHVHUYRLUZLWKDFROGZDWHULQOHWVLWXDWHGRQWKHERWWRPDQGDKRW
ZDWHURXWOHWVLWXDWHGRQWKHWRSSDUWRIWKHWDQN7KHZDWHUWHPSHUDWXUHLQVLGHWKHUHVHUYRLUYDULHVZLWKKHLJKWFROG
ZDWHU RQ WKHERWWRPDQGZDUPZDWHU RQ WKH WRS >@7KH DXWRPDWLRQSURFHVV LV DOVRGLIIHUHQW IURP WKHSUHYLRXV
VROXWLRQ>@:KHQGHVLJQLQJVXFKDV\VWHPWKHGHPDQGSDWWHUQLVDQDO\]HG7KHKHDWH[FKDQJHUDQGWKHVWRUDJH
WDQNDUHVL]HGDFFRUGLQJO\7KHKHDWH[FKDQJHUVL]HLVXVXDOO\UHGXFHGFRPSDUHGWRWKHVROXWLRQZLWKLQVWDQWDQHRXV
SUHSDUDWLRQRI'+:7KHPDLQDGYDQWDJHRI XVLQJD VWRUDJH WDQN LVEHWWHUFRQWURO IRUZDWHU WHPSHUDWXUHDQG WKH
DELOLW\ WR GHOLYHU KRW ZDWHU DW GHVLUHG WHPSHUDWXUH GXULQJ VLPXOWDQHRXV FRQVXPSWLRQ SHULRGV $GGLWLRQDOO\ WKLV
VROXWLRQLVDEOHWRSURYLGH'+:LQGHSHQGHQWRIVKRUWJDVVXSSO\LQWHUUXSWLRQ>@6WLOO WKHVWRUDJHWDQNVROXWLRQ
QHHGV DQ LGOH SHULRG IRU WKH KRW ZDWHU WR DFFXPXODWH DQG XQDQWLFLSDWHG SURORQJHG SHDN GHPDQG SHULRGV ZLOO
HYHQWXDOO\HPSW\WKHDFFXPXODWHGKRWZDWHU IURPWKHVWRUDJHWDQN,QWKLVVLWXDWLRQWKHV\VWHPSHUIRUPVEDVLFDOO\
OLNHWKHSUHYLRXVVROXWLRQRQO\WKDWWKHKHDWH[FKDQJHUXVXDOO\KDVDUHGXFHGFDSDFLW\
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H[FKDQJHUVEHWZHHQDQGRIWKHPD[LPXPGHPDQGIRU'+:PHDQVQRXVHRIDVWRUDJHWDQNDQG
OHVV WKDQ PHDQV WKDW KRW ZDWHU ZLOO EH VWRUHG LQ D VWRUDJH WDQN IRU XVH GXULQJ SHDN GHPDQG SHULRGV >@
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5RPDQLDQGHVLJQQRUP
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724   Radu Manescu /  Procedia Technology  22 ( 2016 )  720 – 725 
UHFRPPHQGVKLJKHUSHUFHQWDJHRIWKHKHDWH[FKDQJHUSRZHUUHVSHFWWRWRWDO'+:SRZHULQFDVHVZKHUHVXIILFLHQW
KHDWLQJSRZHULVDYDLODEOHIRUH[DPSOHGLVWULFWKHDWLQJDQGODUJHKHDWLQJVWDWLRQV
&RQFOXVLRQV
0HDVXUHG'+:SHDNGHPDQGYDOXHVDUHFRQVLGHUDEO\OHVVWKDQURPDQLDQGHVLJQQRUPUHFRPPHQGDWLRQVUHVSHFW
WRSHUFHQWDJHRIWRWDOGDLO\GHPDQG0D[LPXPPHDVXUHGKRXUO\FRQVXPSWLRQUDQJHIURPWRFRPSDUHGWR
GHVLJQUHFRPPHQGDWLRQRIGHVLJQUHFRPPHQGHGYDOXHVIRUDQDYHUDJHFRQVXPSWLRQRIPK$FFRUGLQJWR
FROOHFWHG GDWD WKH VWRUDJH WDQNV DUH FXUUHQWO\ EHLQJ RYHUVL]HG E\ IROORZLQJ WKH KLJK YDOXHV RI KRW WDSZDWHU XVH
GXULQJSHDNGHPDQGSHULRGV
0HDVXUHGDYHUDJH'+:SHUFDSLWDFRQVXPSWLRQUDQJHIURPWROLWHUVSHUSHUVRQDQGGD\ZKLFKLVOHVVWKDQ
WKHQRUPHGGHVLJQYDOXHV WKDW UDQJH IURP WR OLWHUVSHUSHUVRQDQGGD\7KLVGDWD LQGLFDWHV WKDW WKH'+:
V\VWHPDUHFXUUHQWO\EHLQJRYHUVL]HGLQWHUPVRIERLOHUVKHDWH[FKDQJHUVGLVWULEXWLRQQHWZRUNVSXPSVYDOYHVHWF
0HDVXUHGGDWDLQGLFDWHWKDWYDOXHVFORVHWRGHVLJQQRUPYDOXHVFDQRFFXULQGD\VZLWKPD[LPXPFRQVXPSWLRQ)RU
H[DPSOHGXULQJ&KULVWLDQKROLGD\VPD[LPXP'+:GHPDQGYDOXHVUDQJHIURPWROLWHUVSHUSHUVRQDQGGD\
1HYHUWKHOHVV WKH IDFW WKDW SHDN GHPDQG'+:YDOXHV DUHQ
W DV VLJQLILFDQW DV QRUPDOL]HG YDOXHV DQG WKH IDFW WKDW
DYHUDJH GDLO\ '+: SHU FDSLWD GHPDQG LV OHVV WKDQ QRUPDOL]HG YDOXHV FRQWULEXWHV WR WKH RYHUVL]H RI WKH '+:
V\VWHP
$GGLWLRQDOO\ WKH GDWD FROOHFWHG UHYHDOV WKDW '+: FRQVXPSWLRQ LV JUHDWO\ LQIOXHQFHG E\ WKH EHKDYLRU RI WKH
UHVLGHQWV+RXUO\GLVWULEXWLRQWKURXJKRXWWKHGD\DVZHOODVDYHUDJHSHUFDSLWDFRQVXPSWLRQYDULHGVLJQLILFDQWO\ZLWK
WKHORFDWLRQRIWKHKHDWLQJVWDWLRQ
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5HIHUHQFHV
>@ %XLOGLQJVDQG&OLPDWH&KDQJH$6XPPDU\IRU'HFLVLRQ0DNHUV81(3¶V6XVWDLQDEOH%XLOGLQJV	&OLPDWH,QLWLDWLYH6%&,

>@ 2((5HVLGHQWLDO6HFRQGDU\(QHUJ\8VHE\(QHUJ\6RXUFHDQG(QG8VH2IILFHRI(QHUJ\(IILFLHQF\1DWXUDO5HVRXUFHV&DQDGD2WWDZD
$XJXVW
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